Abstract. 2014 The sodium atom is excited selectively in the 4D3/2 or 4D5/2 level using Doppler-free two-photon absorption. We analyse the fluorescence in intensity and polarization in presence of noble gas atoms. We measure the cross-sections corresponding to the transfer of population between
Doppler-free two-photon spectroscopy [1] has been shown to be a very powerful method for studying collision processes. In two previous papers [2, 3] we have reported precise measurements of the collisional shift and broadening of sodium two-photon lines perturbed by noble gases. It is easy to perform such measurements because the two-photon line is free of Doppler broadening and the linewidth is very sensitive to small amounts of a foreign gas. Another application of Doppler-free two-photon spectroscopy is to excite one sublevel inside the Doppler width and to observe the relaxation of this sublevel (transfer to other levels [4] , depolarization...). We describe hereafter several experiments of this type performed on the 4D3/2 and 4D~ levels of sodium atom perturbed by noble gases. The experimental results are compared to theoretical predictions. We do not intend to present here in detail all the results obtained. We just want to summarize the essential features of our investigation. A more complete paper is in preparation. 1 . Description of the experiment. - The experiment is performed on the 3S-4D two-photon transition in sodium [5, 6] In fact, the fluorescent light is analysed in intensity and in polarization. We can thus measure the relaxation of the polarization within each sublevel, and also the transfer of polarization between the two sublevels.
In our experiment, the two counter propagating beams are circularly polarized [6] . The [7, 8] . For this case the twophoton operator is scalar and the fluorescent light is not polarized [9] .
In Fig. 1 ). These transitions can also be observed without any collisions because they appear in the cascade 4D -~ 4P -~ 3D -~ 3P. The probability of such a cascade is small and the intensity of the 3D-3P (of course 5~i~°has the same symmetry as 5~2~p° : ~2~ = ~2~) [10] . In presence of noble gases, the polarization rate decreases. The destruction of the light polarization is related to the relaxation rate of the alignment (which is the component ~(2013 2 q , 2) of rank 2 of the density matrix of the excited state [11] [3] will be discussed in a more detailed paper. 5 . Conclusion. - We have summarized the principal features of recent experiments [10] dealing with the application of Doppler-free two-photon excitation to the investigation of collisional problems.
We have been able to measure various cross-sections, and we have compared them with theoretical predictions. More details concerning the experiment and the calculation will be presented in a more complete paper.
